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INTRODUCTION 


BACKGROUND 

1.  Thr  failure  rates  of  helicopter  components  such  as  instruments,  avionics, 
gearboxes,  bearings,  and  pumps  have  hindered  mission  accomplishment  and  have 
increased  the  logistic  support  effort  required  to  keep  Army  helicopters  at  the 
necessary  level  of  operational  capability.  It  is  suspected  that  many  component 
failures  result  from  an  excessive  vibration  and  temperature  environment  and  that 
the  helicopter  vibration  and  temperature  environment  may  degrade  crew 
performance.  However,  there  are  insufficient  data  availab'e  to  verify  these 
suspicions.  To  obtain  the  data  necessary  to  define  the  vibration  and  temperature 
environment  of  helicopter  components  and  the  crew  stations,  the  United  States 
Army  Aviation  Engineering  Flight  Activity  (USAAEFA)  was  directed  (ref  1, 
app  A)  by  the  United  States  Army  Aviation  Systems  Command  (AVSCOM)  to 
conduct  a vibration  and  temperature  survey  on  present-day  Army  helicopters. 

2.  This  report  on  the  CH-47C  helicopter  is  -the  last  of  six  reports  which  define 
the  vibration  and  temperature  environment  of  the  OH-58  A (ref  2,  app  A),  UH-1H 
(ref  3),  CH-54B  (ref  4),  OH-6A  (ref  5),  AH-1G  (ref  6),  and  CH-47C  helicopters. 


TEST  ObJECTIVE 

3.  The  objective  of  the  entire  environmental  test  project  was  to  determine 
quantitative  vibration  and  temperature  environment  data  for  all  present-day  Army 
helicopters.  The  objective  of  the  CH-47C  environmental  survey  was  to  determine 
the  vibration  and  temperature  environment  of  the  CH-47C  instruments,  avionics, 
selected  components,  and  the  crew  stations  under  all  normal  operating  conditions. 


DESCRIPTION 

4.  The  CH-47C  helicopter  is  a dual-engine,  turbine-powered,  tandem-rotor  aircraft 
designed  to  provide  air  transportation  for  cargo,  troops,  and  weapons  within  the 
combat  area.  The  helicopter  is  powered  by  two  Lycoming  T55-L-1 1 gas  turbine 
engines  mounted  in  separate  nacelles  on  the  aft  fuselage.  The  maximum  power 
rating  (10  minute)  of  the  T55-L-1 1 engine  is  S-’SO  shaft  horsepower  (shp).  The 
engines  are  derated  to  3000  shp  for  CH-47C  installation  because  of  transmission 
torque  limits.  The  engines  drive  two  fully  articulated  three-bladed  rotors  in  tandem 
through  a combining  transmission,  drive  shafting,  and  reduction  transmissions.  A 
gas  turbine  auxiliary  power  unit  is  used  to  provide  hydraulic  and  electrical  power 
for  engine  starting  and  other  ground  operations  when  the  rotors  are  not  turning. 
The  helicopter  is  equipped  with  four  nonretractable  landing  gear.  A cargo  hook 
is  provided  with  a maximum  load  capacity  of  20,000  pounds.  The  cockpit 
compartment  has  seats  and  controls  for  the  pilot  and  copilot.  Five  spring-mass 
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type  vibration  absorbers  are  mounted  in  the  aircraft.  Two  absorbers  pretuned  to 
243  rotor  rpm  are  mounted  in  the  aft  pylon  and  three  self-tuning  absorbers  are 
mounted  in  the  forward  fuselage:  one  in  the  nose  and  one  each  under  the  pilot 
and  copilot  seats.  The  cockpit  instruments  are  rigidly  mounted.  Selected  avionics 
items  are  mounted  on  vibration  isolators.  The  avionics  equipment  on  the  test  aircraft 
(serial  number  69-1 7 126)  were  as  specified  in  the  operators  manual  (ref  7,app  A), 
except  for  the  exclusions  listed  in  appendix  B.  Detailed  aircraft  information  may 
be  found  in  the  operator's  manual  and  appendix  B. 


TEST  SCOPE 

5.  Vibration  data  were  recorded  during  steady  and  maneuvering  flight  from 
54  triaxial  accelerometer  locations,  8 biaxial  accelerometer  locations,  and 
1 uniaxial  location  for  55  flight  conditions.  Three  configurations  were 
tested:  light,  27,600  pounds;  heavy  internal  load,  37,900  pounds;  and  sling  load, 
38,100  pounds.  The  vibration  absorbers  were  operating  for  all  testing.  The  flight 
conditions  tested  are  listed  in  table  1 and  the  various  configurations  are  presented 
in  appendix  B.  Temperature  data  were  recorded  at  20  locations  in  flight  and  during 
static  hot  soaks  in  the  sun.  The  nose  of  the  helicopter  was  pointed  toward  the 
sun  for  all  temperature  measurements.  The  accelerometer  and  thermocouple 
locations  are  described  in  appendix  C and  photographs  are  presented  in 
appendix  C.  A total  of  16  flights,  consisting  of  19.3  productive  testing  hours,  were 
conducted  at  Edwards  Air  Force  Base,  California.  Data  were  compared  with 
vibration  data  previously  obtained  on  other  helicopters.  The  flight  restrictions  and 
operating  limitations  were  as  specified  in  the  operator’s  manual.  The  flight 
conditions  and  configurations  used  for  all  previous  helicopter  environmental  testing 
are  contained  in  the  previously  published  reports  on  each  helicopter  (refs  2 
through  6,  app  A). 


TEST  METHODOLOGY 

6.  The  test  CH-47C  helicopter  was  instrumented  to  record  vibration  data  on  a 
frequency  multiplexed-frequency  modulated  (FM-FM)  magnetic  tape  system. 
One  hundred  seventy-nine  channels  of  acceleration  vibration  data  were  recorded 
from  accelerometers  mounted  on  the  instrument  panel,  avionics,  crew  stations,  and 
other  selected  components.  The  instrumentation  was  limited  to  recording  data  from 
12  accelerometers  simultaneously  with  8 manual  switching  groups.  This  switching 
enabled  a total  of  96  channels  of  vibration  data  to  be  recorded  for  each  flight 
condition.  To  record  the  total  of  1 79  channels,  the  accelerometers  were  relocated 
and  all  flight  conditions  were  repeated.  Twenty  channels  of  temperature  data  were 
hand-recorded  from  a single  display  by  manually  switching  to  the  desired  transducer. 
The  parameters  required  to  define  the  flight  condition  were  hand-recorded  from 
calibrated  ship's  standard  instruments. 
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Level 

flight 


Landing 


Table  1.  CH-47C  Vibration  Teat  Condltloca.1 


Conditions 

Average 

Cross 

Weight 

1 

Configuration 

Average 

Density 

Altitude 

Average 

Tenperature 

(*C) 

(lb) 

(ft) 

27,600 


In  ground  effect,  out  of  ground  effect  ^3<VIOOJ  Sling  load 

37.900 


VH  (140  KCAS)1,  0.9VH,  0.8Va,  0.7Va, 


’loiter  (78  KAS) 


27,600 


VH  (102  KCAS) , 0.9V„,  0.8Va,  0.7V 


VH  (125  HCAS),  0.9Vn,  0.8VH,  0.7VH, 


’loiter  (7#  KAS) 


Light 


38,100  Sling  load 


37,900 


’beat  K/C  <75  «*«*  ’cruie.  R/C  (l0°  27'600 


’beat  E/C  <75 


38,100  Sling  load 


’beat  R/C  <75  ’cruise  E/C  <100  «**>  37 * 900  tatar^m* 


27,600 


’aln  l/D  (75  ’500  fp.  I/D  <105  KCAS)  38;100  Sling  load 

37.900  ““T7,. 


27,600 


Normal  (A),  confined  (B);  froa  ICE  hover  38,100  Sling  load 

37,900 


Mornal  (A) , steep  (B) ; to  IGE  hover 


Mornal  (A);  to  ICE  hover 


27,600 


Mornal  (A),  steep  (B);  to  IGE  hover 


27,600 


Maneuvering 

flight 


IS*  and  30*  bank  angle  turns 


at  V„.  constant  altitude 


38,100  I Sling  load 


37,900 


38,100  Sling  load 


37,900  . „ , 5220 

internal  load 


Ground  run  I Ground-Idle  (110  rpa);  flight-idle  (245  rpn) 


27,600 

37,900 


Heavy 

internal  load 


‘Coordinated  flight  maintained  at  level  flight,  cllab,  deacent,  and  maneuvering  flight 
test  conditions. 

Rotor  speed:  245  rpn. 

JA11  abbreviations  are  defined  in  appendix  F. 
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7.  A total  of  9845  vibration  data  records  were  recorded  and  narrow-band  spectral 
analyses  were  performed  on  9674  of  these  data  records.  To  present  the  results 
of  the  spectral  analysis  in  a form  which  could  be  more  easily  comprehended  than 
the  9674  spectral  analysis  plots,  a statistical  method  of  summarizing  the  data  on 
a digital  computer  (referred  to  as  data  compression)  was  developed.  The  data  were 
compressed  by  selecting  groups  of  the  9674  spectra1  analysis  plots  and  summarizing 
each  of  these  groups  in  two  compressed  data  plots.  These  two  compressed  data 
plots  show  the  maximum  acceleration  and  the  mean  plus  3-standard-deviation 
(3-sigma)  acceleration  with  the  mean  acceleration  in  the  form  of  a frequency 
spectrum  similar  to  the  individual  spectral  analysis  plots.  The  mean  plus  3-sigma 
acceleration  value  is  that  acceleration  below  which  99.87  percent  of  all  data 
recorded  fell.  Data  compression  was  accomplished  by  taking  the  acceleration  value 
at  each  of  the  500  frequencies  which  were  output  by  the  spectral  analyzer  for 
all  spectral  -nalysis  plots  in  a compression  group  and  finding  the  maximum  and 
minimum  acceleration,  the  mean  acceleration,  and  the  mean  plus  3-sigma 
acceleration.  For  all  mean  and  mean  plus  3-sigma  compressions  presented  in  this 
report,  all  axes  are  combined  with  no  regard  given  to  the  direction  of  vibration. 
The  axis  is  considered  for  the  maximum  acceleration  compressions  and  a table 
is  provided  with  the  maximum  acceleration  compression  plots  which  lists  the  flight 
condition,  accelerometer  location,  and  axis  at  which  each  maximum  acceleration 
occurred.  The  equations  used  to  calculate  the  mean  and  standard  deviation  and 
a block  diagram  of  the  spectral  analysis  and  data  compression  systems  are  presented 
in  appendix  D. 

8.  The  flight  conditions  selected  for  the  vibration  testing  were  selected  to  cover 
all  normal  flight  conditions  encountered  in  operational  use  of  the  CH-47C 
helicopter.  The  first  pass  of  the  data  compression  grouped  the  data  according  to 
flight  condition.  The  second  and  third  data  compression  passes  combined  all  of 
the  flight  conditions  in  proportion  to  the  number  of  columns  each  flight  condition 
occupies  in  the  data  array  (figs.  1 through  3,  app  E).  For  example,  landings 
comprise  5 of  55  comumns  or  9.1  percent  of  the  data  which,  in  the  compressions 
that  combine  flight  conditions,  represents  a flight  during  which  9.1  percent  of 
the  flight  time  is  spent  in  landings.  The  first-pass  data  compressions  may  be  used 
to  combine  flight  conditions  in  any  proportion  desired. 
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RESULTS  AND  DISCUSSION 


GENERAL 

9.  The  CH-47C  instrument  and  avionics  vibrations  were  primarily  sinusoidal,  with 
a random  variation  of  amplitude  with  time  at  each  discrete  frequency.  The  primary 
sources  of  low-frequency  vibration  were  the  rotors,  with  a maximum  mean  plus 
3-sigma  acceleration  of  0.66g  at  the  rotor  6-per-rotor-revolution  (6/rev)  frequency 
of  24.5  hertz  (Hz).  High-frequency  vibrations  were  also  recorded  at  the  instrument 
panel  and  avionics  locations  with  a maximum  mean  plus  3-sigma  acceleration  value 
of  1 .2g  at  a frequency  of  1 572  Hz.  The  amplitude  limits  of  military  specification 
MIL-STD-810B  (ref  9,  app  A)  were  not  exceeded  for  any  test  conditions,  but  the 
upper  frequency  limits  of  MIL-STD-810B  were  exceeded  for  all  test  conditions. 
Three  shortcomings  related  to  the  CH-47C  vibration  environment  were 
found:  amplification  of  ARC-134  and  ARC-54  rotor-induced  vibrations  by  the 
avionics  vibration  isolation  mounts;  amplification  of  vibrations  below  40  Hz  by 
the  pilot  seat  pad;  and  excessive  pilot  station  vibrations  above  the  limits  of  military 
specification  M1L-H-8501A  (ref  10).  Vibrations  above  the  rotor  1/rev  frequency 
were  attenuated  by  the  pilot's  body.  The  maximum  mean  plus  3-sigma  vibration 
level  recorded  was  45g  at  1572  Hz  at  the  tach  generators.  The  highest  component 
temperature  rise  was  36.7°C  above  the  outside  air  temperature  at  the  right  engine 
tach  generator  in  hovering  flight.  The  results  of  this  test  project  indicate  the 
following:  Data  in  this  and  previous  environmental  test  reports  should  be  applied 
to  revising  the  appropriate  military  environmental  specifications;  the  upper 
frequency  limit  of  500  Hz  of  MIL-STD-810B  should  be  extended;  and  improved 
vibration  isolation  for  instruments  and  avionics  should  be  provided. 


VIBRATION  DATA 


Helicopter  Vibration  Sources 

10.  There  are  three  primary  sources  of  vibration  in  present-day  gas  turbine-powered 
helicopters:  the  main  and  tail  rotors;  all  other  rotating  components;  and,  if  the 
helicopter  is  armed,  gunfire.  The  rotor-induced  vibrations  are  of  a low  frequency, 
with  the  fundamental  frequency  equal  to  the  rotor  speed.  In  present-day  helicopters, 
the  main  rotor  speed  ranges  from  about  3 to  8 Hz  with  the  rotor  speed  generally 
decreasing  with  increasing  rotor  diameter.  A vibration  occurring  at  the  main  rotor 
fundamental  frequency  is  referred  to  as  the  1/rev.  The  rotor  also  induces  harmonic 
vibrations  at  frequencies  which  are  integral  multiples  of  the  number  of  rotor  blades 
multiplied  by  the  fundamental  rotational  frequency.  Thus,  a two-bladed  rotor  with 
a fundamental  frequency  of  5 Hz  induces  vibrations  at  frequencies  of  5 Hz  (1/rev), 
10  Hz  (2/rev),  20  Hz  (4/rev),  30  Hz  (6/rev),  etc.,  and  a thrce-bladed  rotor  at 
freque  nes  of  5 Hz  (1/rev),  15  Hz  (3/rev),  30  Hz  (6/rev),  45  Hz  (9/rev),  etc. 
Norn,  'y,  main  rotor  induced-vibrations  beyond  the  10th  harmonic,  100  Hz  for 
a two-bladed  rotor,  are  not  significant.  Rotor-induced  vibrations  at  harmonics  of 


the  rotor  fundamental  frequency  are  the  predominant  helicopter  low-frequency 
vibrations  and  are  primarily  caused  by  dissymmetry  of  lift  over  the  rotor  disc  which 
excites  rotor  blade  structural  modes.  Vibrations  are  induced  by  all  other  rotating 
components  in  the  helicopter.  The  frequencies  range  from  the  fundamental 
rotational  frequency  of  the  component  up  to  geartooth,  ball-bearing,  and 
turbine-blade-passage  frequencies  which  may  range  as  high  as  20  to  30  kilohertz. 
Gunfire-induced  vibrations  are  caused  by  recoil  forces  transmitted  through  the  gun 
mount  and  by  muzzle  blast  pressures.  They  have  a fundamental  frequency  equal 
to  the  gun  rate  of  fire  and  harmonics  of  this  fundamental  up  to  about  the 
20th  harmonic.  Typically,  the  highest  vibration  level  will  be  at  one  of  the  gunfire 
harmonic  frequencies.  Fundamental  gunfire  frequencies  range  up  to  about  70  Hz. 

Data  Relevancy 

11.  Qualitative  pilot  evaluation  indicates  that  there  is  a wide  variation  in  the 
vibration  level  of  different  helicopters  of  the  same  model  due  to  differences  in 
the  mechanical  condition  of  each  helicopter.  Thus,  if  vibration  levels  are  to  be 
measured  which  are  representative  of  those  encountered  in  a particular  model  of 
helicopter,  then  a sample  of  several  units  of  this  model  of  helicopter  must  be 
tested.  All  of  the  data  in  this  report  are  from  one  CH-47C  helicopter,  serial 
number  69-17126,  which  began  the  test  program  with  1937  flight  hours. 

Data  Presentation 


12.  The  data  were  summarized  in  three  data  compression  passes  and  in 
8 transmissibility  compressions.  Each  data  compression  is  presented  as  two 
plots:  maximum  acceleration  recorded  versus  frequency,  and  mean  with  mean  plus 
3-sigma  acceleration  versus  frequency.  The  mean  plus  3-sigma  acceleration  values 
best  represent  the  test  data,  since  accelerations  in  excess  of  the  mean  plus  3-sigma 
limit  were  recorded  less  than  0.13  percent  and  would  be  only  rarely  encountered 
in  operational  use  of  the  helicopter.  The  data  grouping  used  in  each  compression 
pass  is  summarized  in  table  2,  with  details  of  the  data  compression  shown  in  the 
data  arrays  (figs.  1 through  3,  app  E).  In  the  data  array,  each  square  represents 
a spectral  analysis  data  point.  The  numbers  assigned  to  each  group  of  squares  in 
the  data  array  represent  a compression  group,  with  squares  having  like  numbers 
belonging  to  the  same  compression  group.  This  compression  group  number  is  written 
on  each  compressed  data  plot  for  identification.  The  transmissibility  compressions 
combine  all  axes  and  flight  conditions  for  the  input  and  output  accelerometer 
locations  of  interest.  The  specific  locations  compressed  are  indicated  on  each 
transmissibility  plot. 

13.  The  instrument  and  avionics  third-pass  compression  results  are  presented  in 
table  3 and  in  figures  A and  B in  the  body  of  this  report.  The  second-pass 
compressions  are  presented  in  appendix  E for  all  accelerome‘er  locations.  Only 
the  instruments,  avionics,  and  pilot  station  compressions  are  presented  in 
appendix  E for  the  first-pass  conditions.  The  first-pass  compressions  for  the  o‘her 
locations  are  available  from  USAAEFA.  For  the  second  and  third  compression 
passes,  a table  is  presented  with  the  plot  of  the  maximum  accelerations  which 
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Table  2.  Data  Compression  Grouping. 


Compression 

Pass 

Group1 

Croup  Elements 
(Location  Number) 

Humber  of 
Group 
Elements 

Humber  of 
Compressions 

1st 

Equipment 

Instrument  panel  (1,  2,  3,  4,  5,  6,  7) 
Avionics  (8,  9,  10,  11,  14) 

SAS  electronics  (12,  13) 

Pilot  input  (15,  16,  17,  18,  19) 

Pilot  (20,  21) 

Tech  generators  (22,  23) 

Forward  transmission  mounts  (24,  25,  26,  27) 
Aft  transmission  cunts  (28,  29,  30,  31) 
Hsnger  bearings  (32,  33,  34,  35,  36,  37,  38) 
Hydraulic  actuators  (39,  40,  41,  42) 
Gearboxes  (43,  44,  45) 

Eight  alternator  (46) 

Eight  engine  mounts  (4?,  48,  49) 

Eight  engine  (50,  51,  52) 

Hydraulic  pumps  (53,  54) 

Ramp  control  (55) 

Lights  (56,  57,  58) 

Cargo  floor  (59,  60) 

Dzeus  fastener  (61) 

Battery  compartment  latch  (62) 

Fuel  drain  (63) 

21 

147 

Flight 

conditions2 

Hover 

Level  flight 
Climb 
Descent 

Takeoff  and  landing 
Maneuvering 
Ground  run 

7 

2nd 

Equipment 

Same  as  1st  pass 

21 

21 

Flight 

conditions 

All 

1 

Equipment 

Instruments  and  avionics  (1,  2,  3,  4, 
5,  6,  7,  8,  9,  10,  11,  14) 

1 

'All  axes  combined  for  all  compressions, 
flight  conditions  described  In  detail  in  table  1 . 
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lists  the  accelerometer  location,  axis,  and  flight  condition  at  which  each  significant 
peak  acceleration  occurred.  The  acceleration  values  which  are  presented  in  this 
report  are  one-half  of  the  peak-to-peak  value.  The  individual  spectral  analysis  data, 
on  9-track  digital  computer  magnetic  tape,  are  available  from  USAAEFA. 

Instrument  and  Avionics  Vibration 

14.  Instrument  and  avionics  vibration  data  were  gathered  from  14  triaxial 
accelerometer  locations  at  the  test  conditions  shown  in  table  1.  Accelerometer 
locations  and  photographs  2re  provided  in  appendix  C.  Third-pass  data 
compressions  which  combine  all  instrument  and  avionics  locations  for  all  flight 
conditions  are  presented  in  figures  A and  3 in  the  body  of  this  report.  Second-pass 
compressions  are  presented  in  figures  4 through  9,  appendix  E,  and  first-pass 
compressions  are  presented  in  figures  46  through  87. 

15.  The  data  were  found  to  be  primarily  sinusoidal,  with  a random  variation  of 
acceleration  amplitude  with  time  at  each  discrete  frequency.  This  random  variation 
was  usually  less  than  30  percent  of  the  mean  value  and  was  apparently  due  to 
small  changes  in  variables  such  as  light  turbulence  or  small  control  inputs.  Table  4 
lists  the  primary  CH-47C  vibration  sources  and  their  frequency  at  the  main  rotor 
test  speed  of  245  rpm.  The  main  rotor  was  the  primary  low-frequency  source. 
A maximum  mean  plus  3-sigma  acceleration  value  of  0.66g  at  the  main  rotor  6/rev 
frequency  of  24.5  Hz  was  recorded  (fig.  B).  A peak  acceleration  value  of  l.lg 
at  the  main  rotor  6/rev  frequency  was  recorded  along  the  longitudinal  axis  at  the 
upper  right  comer  of  the  instrument  panel  during  an  approach  to  a hover  with 
a sling  load  (fig.  A).  In  addition  to  the  main  rotor-induced  low-frequency  vibrations, 
medium-frequency  vibrations  were  caused  by  the  engine  and  drive  shafts. 
High-frequency  vibrations  were  also  recorded  at  the  instrument  panel  and  avionics 
locations.  A maximum  mean  plus  3-sigma  acceleration  value  of  1 .2g  was  recorded 
at  a frequency  of  1572  Hz.  A peak  acceleration  value  of  2.3g  at  1572  Hz  was 
recorded  along  the  vertical  axis  at  the  ARC-134  radio  mount  during  level  flight 
at  0.7V ||  in  the  light  configuration  (fig.  A).  The  forward  transmission  was  identified 
as  the  source  of  these  vibrations,  since  the  vibration  frequencies  corresponded  to 
the  forward  transmission  gear  mesh  frequencies.  These  high-frequency  vibrations 
are  unlikely  to  cause  instrument  or  avionics  damage  because  of  their  low  energy 
level. 

Comparison  with  the  Military  Standard 

16.  Figure  C shows  a laboratory  vibration  test  curve  for  equipment  installed  in 
helicopters  taken  from  figure  514.1-3  of  MIL-STD-810B.  The  ordinate  is  converted 
from  units  of  vibration  amplitude  as  the  curve  is  presented  in  MIL-STD-810B,  to 
units  of  acceleration  to  be  compatible  with  the  data  presented  in  this  report.  The 
significant  mean  plus  3-sigma  acceleration  limits  from  figure  B are  plotted  on  this 
specification  curve  with  previously  acquired  OH-58A  vibration  data  (ref  2,  app  A), 
UH-1H  vibration  data  (ref  3),  CH-54B  vibration  data  (ref  4),  OH-6A  vibration  data 
(ref  5),  and  AH-1G  vibration  data  (ref  6).  This  specification  cujve  does  not  limit 
helicopter  instrument  and  avionics  vibration  levels  but  gives  vibration  levels  to  be 
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Table  4.  CH-47C  Vibration  Sources 
Main  rotor  speed:  245  rpm 


Source 

Frequency 

(Hz) 

Fundamental 

4.1 

3/rev 

12.3 

6/rev 

24.5 

Main  rotors 

■891 

36.8 

12/rev 

49.0 

15/rev 

61.3 

18/rev 

73.5 

21 /rev 

85.7 

Engine  shaft 

267 

Gas  producer  (1002) 

317 

Power  turbine 

267 

Engine  cross  shaft 

217 

Main  rotor  drive  shaft 

Fundamental 

128 

N.j  tach  generator 

71 

NR  tach  generator 

73 

Alternator 

133 

Main  transmission  lower 
stage  planetary  gear  raesh 
—■  — 

1580 

FREei/BNCr-HE 


used  for  laboratory  qualification  of  instruments  and  avionics  tor  helicopter  use. 
A data  compression  composed  of  only  equipment  mounted  on  isolators  was  not 
calculated,  since  the  lower  curve  of  figure  C assumes  that  the  vibration  isolators 
will  reduce  vibrations  above  a frequency  of  33  Hz,  which  was  not  the  case  for 
the  vibration  isolators  tested.  All  CH-47C  instrument  and  avionics  mean  plus  3-sigma 
vibration  levels  were  well  below  the  test  curve  of  MIL-STD-810B.  Instrument  and 
avionics  vibrations  at  frequencies  above  the  MIL-STD-81GB  upper  frequency  limit 
of  500  Hz  were  recorded  for  all  test  conditions.  The  upper  frequency  limit  of 
MIL-STD-810B  should  be  extended  to  include  all  signfleant  instrument  and  avionics 
vibration  encountered  during  helicopter  operation. 

laolatioa  Mount  Guracteriatica 

17.  The  transmissibility  of  the  vibration  isolation  mounts  on  the  ARC-134  VHF 
radio  and  the  ARC-54  FM  radio  was  evaluated  at  the  CH-47C  driving  frequencies. 
Transmissibility  was  determined  by  measuring  the  input  and  output  accelerations 
across  the  isolation  mounts  and  calculating  the  ratio  of  output  to  input  acceleration. 
The  input  and  output  accelerations  used  were  those  determined  from  the  average 
of  all  axes  and  all  flight  conditions.  This  ratio  is  plotted  as  a data  point  at  each 
driving  frequency  in  figure  D.  The  ARC-134  isolation  mounts  amplified  vibrations 
at  the  rotor  3 /rev  frequency  and  below-  Frequencies  above  the  rotor  3/rev  were 
attenuated.  The  isolation  mounts  on  the  ARC-54  radio  amplified  vibrations  below 
approximately  100  Hz.  This  amplification  by  the  ARC-54  mounts  is  undesirable, 
since  most  of  the  avionics  low-frequency  rotor-induced  vibrations  are  below 
100  Hz.  Frequencies  above  100  Hz  were  attenuated.  Amplification  of  vibrations 
at  CH-47C  driving  frequencies  by  the  instrument  and  avionics  vibration  isolation 
mounts  is  a shortcoming.  Improved  vibration  isolation  for  instrument  and  avionics 
components  should  be  provided. 

Pilot  Station  Vibrations 

18.  Pilot  station  vibrations  were  measured  at  the  thrust  grip,  cyclic  grip,  right 
pedal  foot  rest,  seat  structure,  seat  pad,  bite  block,  and  helmet  at  the  conditions 
shown  in  table  1.  A description  and  photographs  of  accelerometer  locations  are 
presented  in  appendix  C.  The  second-pass  data  compressions  are  presented  in 
figures  10  through  13,  appendix  E,  and  the  first-pass  data  compressions  are 
presented  in  figures  88  through  116.  The  pilot  for  which  these  data  were  recorded 
weighed  165  pounds  and  was  67  inches  tall. 

19.  The  transmissibility  of  the  seat  pad  was  evaluated  by  calculating  the  ratio 
of  the  seat  pad  acceleration  to  the  seat  structure  accelerations  at  CH-47C  driving 
frequencies.  These  ratios  are  plotted  in  Figure  E.  Seat  pad  acceleration  was  measured 
by  attaching  an  accelerometer  to  the  bottom  of  a 1 0-inch  by  6-inch  by  0.020-inch 
aluminum  plate  on  which  the  pilot  sat.  The  accelerations  used  were  those 
determined  from  the  average  of  all  axes  for  the  seat  pad  and  seat  structure.  Results 
indicate  that  the  seat  pad  amplified  seat  structure  vibrations  below  approximately 
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40  Hz.  The  primary  seat  structure  vibrations  are  below  40  Hz  and  the  vibrations 
which  are  physiologically  most  annoying  to  the  pilot  are  also  below  40  Hz. 
Amplification  of  vibrations  below  40  Hz  by  the  pilot  seat  pad  it  undesirable  and 
it  a shortcoming. 

20.  Vibrations  at  the  pilot's  head  were  measured  with  an  accelerometer  attached 

to  a bite  block.  The  bite  block  was  a plastic  ar.d  aluminum  form  shaped  to  fit 
the  pilot's  teeth.  The  pilot  held  the  bite  block  securely  in  his  mouth  when  vibrations 
were  recorded  from  this  location.  The  ratio  of  the  bite  block  acceleration  to  the 
combined  thrust  grip,  cyclic  grip,  right  pedal  foot  rest,  seat  structure,  and  seat 
pad  accelerations  was  calculated  and  is  presented  as  pilot  transmissibility  in 
figure  E.  The  results  show  that  the  pilot's  body  attenuates  all  CH-47C  vibrations 
above  the  rotor  1/rev  frequency  of  4.1  Hz.  The  crew  station  vibration  limits  of 
paragraph  3.7.1b  of  MIL-H-8501 A are  compared  to  the  pilot  seat  structure  mean 
plus  3-5igma  accelerations  for  all  axes  in  figure  F.  The  data  are  divided  into  two 
groups:  hover,  level  flight,  climb,  descent,  and  sideward  flight  compose  one  group, 
while  takeoff,  landing,  and  maneuvering  compose  the  other  group.  There  is  no 
specification  limit  on  vibration  levels  during  maneuvering  flight,  so  these  data  were 
combined  with  the  takeoff  and  landing  transition  data,  since  most  maneuvers  are 
transient  conditions  There  is  a specification  vibration  limit  for  flight  from  the 
recommended  cruise  airspeed  (Vcrujse)  to  limit  airspeed  (V^a)  but  no  data  were 
grouped  for  this  condition,  since  and  are  identical  on  the  CH-47C. 

The  maximum  mean  plus  3-sigma  vibration  for  30-knot  rearward  flight  to 

was  0.3g  at  the  rotor  6/rev  frequency  (24.5  Hz),  which  exceeded  the  specification 
limit  of  0.1 5g  by  100  percent.  For  the  transition  flight  group,  a maximum  mean 
plus  3-sigma  vibration  of  0.62g  at  the  rotor  6/rev  frequency  was  recorded.  This 
exceeded  the  transition  specification  limit  of  0.3g  by  107  percent.  The  excessive 
vibration  levels  at  the  pilot  station  are  a shortcoming  and  fail  to  meet  the 
requirements  of  MIL-H-8501A. 

Selected  Component  Vibration  Characteristics 

21.  Vibration  data  were  recorded  at  41  locations  throughout  the  helicopter  other 
than  instrument,  avionics,  and  crew  station  locations.  A description  and  photographs 
of  accelerometer  locations  are  presented  in  appendix  C.  Data  were  recorded  at 
the  test  conditions  shown  in  table  1.  These  vibration  data  were  recoided  at  the 
request  of  the  United  States  Army  Air  Mobility  Research  and  Development 
Laboratory  (USAAMRDL),  Eustis  Directorate,  and  were  transmitted  to 
USAAMRDL  in  the  Northrop  Corporation  data  report  (ref  1 1 , app  A).  The 
selected  component  second-pass  data  are  presented  in  this  report  in  figures  14 
through  45,  appendix  E.  The  selected  component  first-pass  data  are  not  presented 
in  this  report  but  are  available  from  USAAEFA. 

22.  The  vibration  characteristics  at  these  41  locations  will  not  be  discussed  in 
detail  but,  in  general,  show  the  presence  of  high-level,  high-frequency  vibration 
near  rotating  equipment,  particularly  the  engine  a:.d  gearboxes.  The  maximum  mean 


plus  3-sigma  vibration  acceleration  level  recorded  was  45g  at  1572  Hz  at  the  tach 
generators  (fig.  15,  app  E).  The  main  transmission  was  identified  as  the  source 
of  these  vibrations,  since  the  vibration  frequencies  correspond  to  the  main 
transmission  gear  mesh  frequencies. 


TEMPERATURE  DATA 
Component  Air  Temperatures 

23.  Component  part  surrounding  air  temperatures  were  recorded  at  20  locations 
described  in  table  3,  appendix  C,  and  shown  in  photographs  in  appendix  C. 
Temperatures  were  recorded  for  static  hot  soaks  in  the  sun,  level  flight  between 
80  and  135  knots  calibrated  airspeed  (KCAS),  and  in-yound-effect  (IGE)  and 
out-of-ground-effect  (OGE)  hover.  The  nose  of  the  helicopter  was  pointed  toward 
the  sun  for  all  temperature  measurements.  Temperature  data  for  all  conditions  are 
presented  in  table  5.  Detailed  static  temperature  data  for  locations  with  a 
temperature  rise  c"  12°C  or  greater  are  presented  in  figures  116  through  122, 
appendix  E.  Temperature  rise  was  determined  by  subtracting  the  outside  air 
temperature  from  the  component  temperature  of  interest. 

24.  Solar  radiation  had  a significant  effect  on  both  static  and  in-flight 
temperatures.  In-flight  data  were  obtained  over  a range  of  solar  radiation  values 
by  recording  data  at  different  times  of  day  from  morning  until  afternoon.  About 
10  minutes  were  required  for  in-flight  temperatures  to  stabilize  at  steady-state 
values.  The  in-flight  temperature  data  presented  in  table  5 were  obtained  by 
averaging  the  temperature  data  over  the  range  of  solar  radiation  values  tested.  Static 
temperatures  required  about  2 hours  to  stabilize.  This  long  stabilization  time 
required  that  temperatures  be  recorded  around  noon  when  solar  radiation  was  nearly 
constant  for  a 2-hour  period.  To  determine  static  temperatures  for  values  of  solar 
radiation  and  ambient  air  temperature  different  than  those  tested,  an  analytical 
method  was  used  which  is  described  in  appendix  D.  Figures  116  through  122, 
appendix  E,  are  the  results  of  this  analytical  method,  with  representative  solar 
radiation  values  (refs  12  and  13,  app  A)  also  shown. 

25.  Static  temperature  data  for  the  cabin  and  avionics  locations  are  tabulated  at 
a solar  radiation  value  of  350  BTU/'hr-ft^  and  outside  air  temperature  of  45°C 
in  table  5.  These  results  show  that  the  highest  instrument  and  avionics  temperatures 
were  recorded  in  the  forward  cabin  area  occur  under  static  conditions.  Forward 
cabin  temperatures  decreased  in  flight  due  to  increased  air  circulation.  The  high 
forward  cabin  static  temperatures  are  due  to  the  large  windshield  and  window  area 
in  the  forward  section  of  the  fuselage,  which  allows  solar  radiation  to  enter.  The 
highest  temperature  rise  recorded  was  36.7°C  at  the  right  engine  tach  generator 
during  hover. 
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Table  5.  Average  Temperature  Rise.1 
CH-47C  USA  SN  69-17126 


Location 

Number 


Average  Temperature  Rise  (~*C) 

Location  Name 

Hover1 2 

Level  Flight2 

Static3 

Instrument  panel  back 

“ 

7.7 

18.5 

Cockpit 

5.1 

6.5 

33.5 

Avionics  bay,  upper 

4.2 

6.4 

11.6 

Avionics  bay,  lower 

6.5 

8.1 

7.2 

Controls  closet 

7.4 

5.4 

12.9 

Hanger  bearing  No.  5 

27.0 

28.7 

— 

Mid  cargo  compartment 

15.0 

14.4 

21.7 

Battery  compartment 

9.8 

11.1 

11.6 

Right  electronics  compartment 

5.3 

5.6 

27.8 

Rotor  tach  generator 

21.4 

23.1 

8.2 

Right  engine  tach  generator 

36.7 

27.2 

1.9 

Right  90-degree  gearbox 

19.0 

18.5 

10.3 

Combining  gearbox 

24.8 

24.2 

11.9 

Aft  transmission, 
forward  compartment 

23.5 

| 

14.4 

11.8 

Aft  transmission, 
aft  compartment 

24.4 

20.1 

9.5 

Forward  transmission 

8.1 

10.9 

21.2 

Auxiliary  power  unit  area 
(APU  OFF) 

3.6 

3.8 

10.6 

Transmission  oil  cooler 

1.6 

2.4 

11.0 

Hanger  bearing  No.  1 

14.5 

15.3 

19.0 

Hanger  bearing  No.  3 

27.3 

27.9 

— 

1Average  temperature  rise  calculated  by  subtracting  outside  air 
temperature  from  each  location  temperature. 

2Average  solar  radiation  of  333  BTU/hr-ft2.  2 

3Dafca  standardized  to  a solar  radiation  of  350  BTU/hr-ft  . Outside 
air  temperature  of  45°C. 


Wet  Bulb  Globe  Temperature  Index 

26.  The  Wet  Bulb  Globe  Temperature  (WBGT'  index,  as  described  in  reference  14, 
appendix  A,  was  recorded  in  flight.  A sensing  unit  consisting  of  a dry  bulb 
thermometer,  wet  bulb  thermometer,  and  black  globe  thermometer  was  located 
at  the  pilot  station  and  exposed  to  the  sun  during  this  test.  The  sensing  unit  was 
obtained  from  tire  United  States  Army  Medical  Equipment  Research  and 
Development  Laboratory,  Fort  Totten,  New  York,  and  is  shown  in  photo  SO, 
appendix  C. 

27.  The  WBGT  index  is  used  to  describe  the  effect  of  the  temperature  environment 
on  the  human  body.  It  is  determined  by  adding  70  percent  of  Ore  naturally 
convected  wet  bulb  temperature,  20  percent  of  the  black  globe  temperature,  and 
10  percent  of  the  dry  bulb  temperature.  Temperatures  are  measured  in  degrees 
Fahrenheit.  The  following  criteria  for  application  of  the  WBGT  index  are  proposed 
in  Deportment  of  the  Army  Technical  bulletin  TB  MED  175  (ref  13,  app  A): 

a.  When  the  WBGT  index  reaches  82°,  discretion  should 
be  used  in  planning  heavy  exercise  for  unseasoned  personnel. 

b.  When  the  WBGT  reaches  85°,  strenuous  exercises, 
such  as  marching  at  standard  cadence  should  be  suspended  fir 
unseasoned  personnel  during  their  first  three  weeks  of  training. 

At  this  temperature  training  activities  may  be  continued  on 
a reduced  scale  after  the  second  week  of  training. 

c.  Outdoor  classes  in  the  sun  should  be  avoided  when 
the  WBGT  exceeds  85°. 

d.  When  the  WBGT  reaches  88°,  strenuous  exercise 
should  be  curtailed  for  all  recruits  and  other  trainees  with  less 
than  12  weeks  training  in  hot  weather.  Hardened  personnel, 
after  having  been  acclimatized  each  season,  can  carry  on  limited 
activity  at  WBGT  of  88°  to  90°  for  periods  not  exceeding 
6 hours  a day. 

The  highest  WBGT  index  value  recorded  in  flight  was  74.7°F  at  an  outside  air 
temperature  of  87.8"F,  a relative  humidity  of  15  percent,  and  a solar  radiation 
value  of  333  BTU/hr-ft2.  At  an  average  solar  radiation  of  333  BTTJ/hr-ft2,  the 
cabin  temperature  was  7.2°F  above  the  outside  air  temperature  and  the  globe 
temperature  was  9.T?  above  the  cabin  temperature.  Using  these  temperature 
differentials  and  a psychrometric  chart  (app  D),  the  WBGT  index  for  the  CH-47C 
can  be  calculated  for  any  combination  of  outside  air  temperatures  and  relative 
humidity  at  a solar  radiation  of  333  BTU/ft-hr2.  For  an  outside  air  temperature 
of  100°F  and  a relative  humidity  of  50  percent,  the  WBGT  index  would  be  93.2°F 
at  the  pilot  station.  This  calculation  is  described  in  appendix  D.  A WBGT  index 
of  93.2®F  is  well  in  excess  of  the  maximum  discussed  in  the  above  criteria,  and 
■ it  is  likely  that  a WBGT  index  higher  than  S3.2°F  would  be  recorded  under  certain 
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conditions.  Conditions  of  outside  air  temperature,  relative  humidity,  and  solar 
radiation  higher  than  these  will  give  a correspondingly  higher  WBGT  index.  An 
excessively  high  WBGT  index  at  the  pilot  station  is  likely  to  be  encountered  during 
normal  operation  of  the  CH-47C  helicopter  and  is  a shortcoming. 
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CONCLUSIONS 


GENERAL 

26.  Analysis  of  the  test  results  obtained  during  this  evaluation  resulted  in  the 
following  conclusions: 

a.  The  CH-47C  instrument  and  avionics  vibrations  were  primarily  sinusoidal, 
with  a random  variation  of  acceleration  amplitude  with  time  at  each  discrete 
frequency  (para  15). 

b.  The  primary  sources  of  low-frequency  vibrations  were  the  rotors,  with 
a maximum  mean  plus  3-sigma  acceleration  of  0.66g  measured  at  the  rotor  6/rev 
frequency  of  24.8  Hz  (para  15). 

c.  The  primary  sources  of  high-frequency  vibrations  were  the  transmission 
gears,  with  a maximum  mean  plus  3-sigma  acceleration  of  !.2g  at  1572  Hz 
(para  15). 

d.  The  amplitude  limits  of  MIL-STD-810B  were  not  exceeded  for  any  test 
conditions;  however,  the  frequency  limits  were  exceeded  for  all  flight  conditions 
(para  16). 

e.  The  pilot's  body  attenuated  all  CH-47C  vibrations  above  the  rotor  1/rev 
frequency  of  4.i  Hz  (para  20). 


f.  The  maximum  mean  plus  3-sigma  vibration  level  recorded  was  45g  at 
1572  Hz  at  the  tach  generators  (para  22). 

g.  The  highest  instrument  and  avionics  temperature?  were  recorded  in  the 
cabin  area  under  static  conditions  and  decreased  in  forward  flight  (para  25). 

h.  The  highest  average  temperature  rise  was  36.7°C  above  the  outside  air 
temperature  at  the  right  engine  tach  generator  (para  25). 


i.  There  were  no  deficiencies  and  four  shortcomings  noted  during  the 
testing. 
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SHORTCOMINGS 

29.  The  following  shortcomings  were  identified: 

a.  Amplification  of  vibrations  at  CH-47C  driving  frequencies  by  the 
ARC-134  and  ARC-54  isolation  mounts  (para  17).  ♦ 
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b.  Amplification  of  vibrations  below  40  Hz  by  the  pilot  seat  pad  (para  19). 

c.  Excessive  vibration  levels  at  the  pilot  station  in  excess  of  the  limits  of 
M1L-H-8501A  (para  20). 

d.  Excessively  high  WBGT  index  at  the  pilot  station  under  normal  operating 
conditions  (para  27). 
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RECOMMENDATIONS 


30.  The  shortcomings  should  be  corrected  (para  29). 

31.  The  data  in  this  report  and  previous  environmental  test  reports  should  be 
applied  to  revising  the  appropriate  military  environmental  specifications. 

32.  The  upper  frequency  limit  of  500  Hz  of  MIL-STD-810B  should  be  extended 
(para  16). 

33.  Improved  vibration  isolation  mounts  for  instrument  and  avionics  components 
should  be  provided  (para  17). 
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APPENDIX  1.  AIRCRAFT  INFORMATION 


DIMENSIONS  AND  DESIGN  DATA 

OmaB  Diiwuiow 

Aircraft  length  (rotors  turning) 
Height  (over  rotor  blades  at  rest) 

Rotor  Data 

Number  of  blades 
Diameter 

Rotor  spacing  (distance  between 
center  line  of  rotors) 

Blade  chord  (constant) 

Solidity 

Gear  Ratios 

Engine  shaft  to  cross  shaft 
Cross  shaft  to  rotor  drive  shaft 
Rotor  drive  shaft  to  rotors 

Operating  Limitationa 

Engine  power  (10  minutes) 

Engine  power  (30  minutes) 

Engine  power  (continuous) 

Rotor  speed  (power  ON) 

Rotor  speed  (power  OFF) 

Maximum  airspeed  (sea  level) 
Maximum  gross  weight 
Maximum  fuel 

Tranamiasion  Rating 

Dual-engine  operation. 

Normal  and  maximum 


• I 

99  ft 

18  ft,  7.8  in. 

1 

> i 

! 

6 (3  per  rotor) 

60  ft  j 

I 

39  ft,  2 in. 

25.25  in. 

0.067 


1.23:1 

1.70:1 

30.72:1 


3750  shp  or 
PTIT  of  840°C 
3750  shp  or 
PTIT  of  787°C 
3300  shp  or 
PTIT  of  748°C 
232  to  250  rpm 
214  to  261  rpm 
174  knots 
46,000  lb 
7150  lb 


5850  shp 
78  percent  Q 
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Single-engine  operation: 

Maximum  37S0  shp 

97  percent  Q 

The  following  avionics  equipment  was 
not  installed  in  the  test  aircraft: 

T3 66 A/ ARC  emergency  VHF  command  transmitter 
AN/ ARC-1 02  high-frequency  radio  set 
TSEC  KY-28  voice  security  equipment 
YG-1054  proximity  warning 
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Table  1.  Light  Test  Configuration. 


Item 

Weight 

(lb) 

Longitudinal 

Fuselage 

Station 

(in.) 

Longitudinal 
Moment 
(in. -lb) 

Basic  aircraft 

21,507 

345.4 

7,428,800 

Average  fuel 

5,233 

316.3 

1,655,000 

Instrumentation 

200 

140.0 

28,000 

Pilot 

165 

74.5 

12,293 

Copilot 

155 

74.5 

11,548 

Engineer 

160 

104.9 

16,784 

Crew  chief 

180 

180. 0 

32,400 

Test  conditions 

27,600 

332.8  (aft) 

9,184,825 
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Table  2.  Heavy  Internal  Load  Configuration. 


Item 

Weight 

(lb) 

Longitudinal 

Fuselage 

Station 

Longitudinal 
Moment 
(in. -lb) 

Basic  aircraft 

21,507 

345.4 

7,428,800 

Average  fuel 

5,503 

316.2 

1,740,000 

Instrumentation 

200 

140.0 

28,000 

Pilot 

165 

74.5 

12,293 

Copilot 

155 

74.5 

11,548 

Engineer 

160 

104.9 

16,784 

Crew  chief 

180 

180.0 

32,400 

Ballast 

1,100 

175.0 

192,500 

Ballast 

3,950 

282.0 

1,113,900 

Ballast 

4,980 

405.0 

2,016,900 

Test  conditions 

37,900 

332.3  (aft) 

12,593,125 
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Table  3.  Sling  Load  Test  Configuration 


I 


l 

s 

I 


Item 


Weight 

(lb) 


Basic  aircraft 


Average  fuel 


Instrumentation 


Pilot 


Copilot 


Engineer 


Crew  chief 


Sling  load 
(high  density) 


Test  conditions 


21,507 

5,733 

200 


165 


155 

160 


180 


10,000 


38,100 


Longitudinal 

Fuselage 

Station 

(in.) 


345.4 


315.7 


140.0 


74.5 


74.5 


10  .9 


180.0 


Longitudinal 
Moment 
(in. -lb) 


7,428,800 


1,810,000 


28,000 


12,293 


11,548 


16,784 


32,400 


331 .0 


332.0  (aft) 


3,310,000 


12,649,825 
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APPENDIX 


C.  TEST  INSTRUMENTATION 


GENERAL 

1.  Flight  test  instrumentation  was  installed,  calibrated,  and  maintained  by 
instrumentation  personnel  of  USAAEFA  and  USAAMRDL.  This  instrumentation 
was  used  to  record  vibration  data,  temperature  data,  and  flight  condition 
parameters.  A list  of  the  instrumentation  components  <s  presented  in  table  1. 


VIBRATION  INSTRUMENTATION 

2.  An  FM-FM  magnetic  tape  system  was  used  to  record  the  vibration  data.  A 
block  diagram  of  the  instrumentation  system  is  presented  in  figure  1 . Data  were 
recorded  over  a frequency  range  of  3 to  2000  Hz  for  all  flight  conditions.  The 
transducers  were  miniature  triaxial,  biaxial,  and  uniaxial  piezoelectric  accelerometers 
which  were  mounted  at  61  locations  throughout  the  aircraft  for  a total  of 
179  channels  of  vibration  data.  The  instrumentation  was  limit**!  to  recording  data 
from  12  accelerometers  simultaneously.  To  record  more  than  12  channels  of  data, 
an  eight-position  manual  switching  network  was  employed  and  each  flight  condition 
was  recorded  for  each  switch  position,  for  a maximum  data  capacity  of  96  channels. 
To  obtain  the  total  of  179  channels  of  vibration  data,  the  accelerometers  were 
relocated  after  completion  of  all  test  conditions  and  the  test  conditions  were 
repeated.  The  maximum  capacity  of  the  instrumentation  system  is  96  channels 
without  accelerometer  relocation  and  192  channels  with  one  relocation. 
Accelerometers  were  bonded  to  the  component  of  interest  with  the  accelerometer 
axis  aligned  to  the  component  axis.  The  mounting  locations  of  each  accelerometer 
are  shown  in  photos  1 through  40.  Table  2 lists  the  accelerometer  locations, 
accelerometer  type,  and  amplitude  range. 

3.  The  vibration  instrumentation  was  calibrated  to  determine  the  amplitude 
sensitivity  and  frequency  response  of  the  total  data  system.  A frequency  sweep 
was  performed  on  each  accelerometer  with  an  electrodynamic  shaker.  Each 
accelerometer  was  mounted  back  to  back  with  a calibrated  reference  accelerometer 
and  the  charge  sensitivity,  picocoulomb/g,  and  frequency  response  of  the  test 
accelerometer  determined  by  comparison  with  the  reference  accelerometer.  The 
airborne  data  recording  system  was  calibrated  by  means  of  a charge  source.  For 
each  channel,  the  charge  source  was  set  to  simulate  a given  acceleration  value  by 
reference  to  the  accelerometer  charge  sensitivity  determined  by  the  shaker 
calibration,  and  the  airborne  data  system  output  was  recorded.  The  ground  station 
was  calibrated  separately  from  the  airborne  system,  and  the  two  system  scale  factors 
were  combined  to  obtain  an  overall  data  system  scale  factor.  It  is  estimated  that 
the  accuracy  of  the  total  vibration  measurement  system,  both  airborne  and  ground 
units,  is  within  ±10  percent  of  the  true  acceleration  amplitude. 
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Nomenclature  Manufacturer  Quantitv  Model  Number 


Thermal  radiometer  Teledyne  Geotech  1 TCH-1 88-01 


Un*  Drlv»r  M H AmplU1,r 


Table  2.  Accelerometar  Location* . 1 


Location 

Location 

Umber 

Puanlagn 

Station 

(In.) 

Uat.r 

Lino 

(In.) 

(uttlln. 

(in.) 

Axis 

Pull-Seal. 

Accalaratlon 

Rug. 

(*  g) 

n 

1 

6.6 

L 29.8 

3 

5 

7.9 

L 

16.* 

3 

5 

vmmi 

6.6 

L 

5.1 

3 

5 

Instrument  panel 

R 5.5 

3 

5 

6.6 

R 

17.3 

5 

AS. 7 

2.2 

R 21.5  | 

J 

zmm 

47.7 

(.9 

R 29.8 

5 

Avionics 

■ 

MM 

ARC-54  wont 

-7.2 

L 

39.0 

3 

5 

NtC-M  radio 

■ 

-6.* 

L 

39.0 

3 

5 

ARC-1 34  moimt 

10 

viTtm 

-7.2 

L 

31.9 

3 

5 

MC- 13*  radio 

ii 

IIW 

-6.* 

l 31.9 

3 

5 

Attitude  gyi  oo 

12 

111.4 

5.5 

l 

5 

SAS  box 

13 

tie.  2 

19.0 

L 

22.2 

5 

Irene  pomdir  controls 

14 

70.3 

-8.1 

L 

2.34 

5 

mot 

MH 

Saat  fad  plat* 

15 

73.7 

R 22.* 

3 

5 

Scat  ktructurf 

16 

73.7 

R 22.4 

3 

5 

Pilot  foot  vast 

17 

*6.2 

EiWl 

R 29.8 

2 

5 

■Hurust  control  grip 

IB 

65.2 

-1.1 

R 

12.6 

mm 

5 

Cyclic  £rip 

t» 

60.7 

0 

R 22.2 

M 

5 

Pilot  balaat  (SPH-4) 

» 

— 

— 

— 

H 

2 

lies  block 

— 

— 

— 

Efl 

2 

Rotor  tAch  generator 

22 

:oi.2 

46.4 

R 0.85 

3 

50 

tight  a^lno  tach  generator 

23 

492.4 

60.3 

R 59.0 

3 

50 

Forward  transmission  mounts 

Mi 

Forward 

24 

83.3 

0 

3 

10 

Uft 

25 

9*.1 

If?*! 

L 

1/.9 

3 

10 

tight 

26 

112.4 

0 

3 

25 

Aft 

27 

94.1 

L 

17.9 

3 

10 

Aft  traoaailaalon  aounta 

Right  forward 

2d 

5*6 

49.0 

R 

10.2 

3 

25 

La  ft  forward 

29 

3*6 

*9.0 

L 

10.2 

3 

25 

Left  aft 

30 

571 

49.0 

L 

10.2 

3 

17 

Right  aft 

31 

571 

49.0 

R 

10.2 

3 

17 

Drlva  aha ft  hangar  baarlnga 

■■ 

Mo.  t 

32 

157.8 

56.9 

if 

EM 

2 

50 

Mo.  2 

33 

207.9 

56.9 

jfi 

IM 

2 

50 

Mo.  3 

34 

258.3 

56.9 

. 

EX 

2 

50 

Mo.  * 

35 

310.0 

56.9 

» 

IM 

2 

50 

Mo  5 

3o 

359.9 

56.9 

■ 

IM 

n 

50 

Mo.  6 

37 

403.4 

56.9 

IS- 

2 

50 

Mo.  7 

18 

504.1 

56.9 

IS 

2 

50 

Control  closet  SAS  actuator 

3? 

106.9 

F7W1 

L 

19.6 

3 

5 

Control  closet  lover  boost  actuator 

40 

111.2 

12.4 

L 

19.6 

17 

Forward  transmit slon  svashplata  actuator 

41 

76.7 

*8.6 

L 

11.3 

3 

75 

Aft  transmission  evashplate  actuator 

42 

562.3 

L 

14.9 

3 

17 

Engine  90-degree  gearbox 

43 

465.6 

k 

39.8 

3 

17 

Combining  gearbox  input 

44 

461.9 

MB 

R 

8 5 

EE 

17 

Combining  gearbox 

45 

465.1 

kh 

0 

3 

50 

Right  alternator 

46 

SA3.6 

bh 

R 

6.2 

3 

17 

Right  engine 

Right  mount 

47 

480.5 

66.0 

R 

61.1 

3 

so 

Left  mount 

48 

403.  C 

56.? 

R 

35.4 

3 

17 

Aft  mount 

49 

501.1 

53.7 

R 60.7 

3 

17 

Forward 

50 

483.7 

69.0 

* 

39.8 

3 

Kid 

51 

500.9 

77.1 

R 49.0 

3 

Aft 

52 

515.6 

75.* 

R 48.6 

3 

WmSMm 

AFU  hydraulic  pump 

S3 

592.9 

EZ3 

0 

> 

17 

Aft  transmission  hydraulic  motor 

54 

580.1 

EH 

0 

3 

17 

ktmp  control 

55 

*97.5 

BTWl 

S3 

41.5 

3 

5 

Aft  pylon  antlcolllslon  light 

56 

588.0 

ESI 

0 

n 

50 

telly  anti toll is Ion  light 

57 

296.8 

BO 

0 

EE 

5 

Formation  light 

58 

193.2 

Ell 

0 

3 

50 

Forward  cargo  floor 

59 

163.1 

520 

0 

3 

5 

Aft  carfco  floor 

60 

362.0 

0 

3 

5 

Dseus  fastener 

61 

471.3 

■roe 

* 

34.7 

3 

50 

tottery  coapartment  latch 

62 

177.0 

BO 

E 

50.1 

EE 

5 

Fuel  drain 

63 

261.8 

«• 

57.5 

3 

10 

xk\  1 accelerometer*  art  Eadevce  trlexlal  accelerometers ( Type  2228C. 


TEMPERATURE  INSTRUMENTATION 

4.  Temperature  data  were  recorded  by  mounting  thermocouples  at  20  locations 
throughout  the  helicopter.  The  temperatures  were  displayed  on  one  temperature 
indicator  which  was  switched  to  the  desired  thermocouple.  Table  3 lists  the 
locations  of  the  thermocouples  and  the  temperature  measurement  equipment  is 
described  in  table  1.  Thermocouple  location  photographs  are  presented  in 
appendix  C.  Solar  radiation  was  recorded  on  the  ground  with  a calibrated 
radiometer.  Outside  air  temperature  was  recorded  with  a laboratory  thermometer 
for  static  temperature  measurements  and  with  the  ship's  outside  air  temperature 
indicator  for  in-flight  temperature  measurement. 


FLIGHT  CONDITION  PARAMETERS 

S.  The  parameters  listed  in  table  4 were  hand-recorded  from  the  ship's  standard 
instruments  to  determine  the  flight  condition.  The  readability  for  each  instrument 
listed  in  table  4 was  determined  by  dividing  the  smallest  increment  marked  on 
the  dial  by  S. 


i 


t 
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Table  3.  Thermo T . -ations 


bearing  No.  1 19  157.8  57.3 

bearing  No.  3 20  258.3  57.3 


4 
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Table  4.  Flight  Condition  Parameters. 

r 


Parameter 


Airspeed 


Altitude 


Outside  air  temperature 


Main  rotor  speed 


Gas  producer  speed 


Fuel  quantity 


Range  of  Interest 


25  to  180  knots 


Zero  to  10,000  feet 


Zero  to  30 #C 


230  to  250  rpm 
60  to  110  percent. 


Zero  to  7000  pounds 


— ■ 

Readability 

±1 .0  knot 


±4.0  feet 


±0.4“C 


±2.0  rpm 
±0.2  percent 


±10  pounds 
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TtiermocoupJ e Location 
Number 


5 


1 


19,  20 


10 

11 

12 

13 

14 

15 

16 

17 

18 

Wet  Bulb  Globe  Temperature  sensor 


Photograph 

Number 


2 

41 
4 

42 
17 
15 

43 

44 

45 
11 
12 
20 
22 

46 
31 

47 

48 

49 

50 
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APPENDIX  D.  TEST  AND  DATA 
ANALYSIS  METHODS 


1 . Because  of  the  discrete  frequency  content  of  the  data,  a narrow-band  spectral 
analysis  was  performed.  A Spectral  Dynamics  301  real-time  spectral  analyzer  was 
utilized  to  perform  the  spectral  analysis.  This  spectral  analysis  converted  the  data 
from  the  time  domain  (acceleration  as  a function  of  time)  to  the  frequency  domain 
(acceleration  as  a function  of  frequency).  The  output  of  the  spectral  analysis  was 
a digital  plot  of  acceleration  versus  frequency  composed  of  acceleration  values  at 
500  discrete  frequencies  uniformly  spaced  over  the  selected  frequency  range  of  the 
spectrum  analyzer.  The  data  were  analyzed  on  the  zeroto-2000-Hz  analysis  range 
with  a resolution  bandwidth  of  4 Hz.  Because  of  the  random  variation  in  amplitude, 
the  data  were  averaged  over  a period  of  time  to  determine  the  mean  acceleration 
amplitude  for  each  test  condition.  This  data  averaging  was  accomplished  with  a 
Spectral  Dynamics  302B  ensemble  averager.  Data  were  averaged  over  an  8-second 
time  interval  for  steady-state  nonweapons-firing  flight  conditions  and  a 2-second 
interval  for  maneuvering  flight.  The  2-second  maneuvering  flight  analysis  time 
interval  was  selected  to  cover  the  most  severe  vibrations  encountered  during  the 
maneuver. 

2.  The  following  equations  were  used  to  calculate  the  acceleration  mean  and 
standard  deviation  values: 

a.  Mean  (X): 


N 

E 

j = 1 Xj 
N 


X = 

b.  Standard  deviation  (S): 


S = 


N 

E , 

( —NT 

j = i< 

[Xj-X)2 

N 
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c.  Mean  plus  standard  deviation  (Y): 

Y = X + S 

Where: 

Xj  * Acceleration  at  a specific  frequency 
N * Number  of  records  compressed 

3.  Figures  1 and  2 are  block  diagrams  of  the  spectral  analysis  and  data 
compression  procedures. 


TEMPERATURE  DATA 


4.  The  electrical  analogue  shown  in  figure  3 was  developed  to  predict  the 
temperature  of  the  cabin  and  avionics  under  static  conditions  at  values  of  ambient 
air  temperature  and  external  radiation  different  than  those  tested.  The  results  of 
this  analysis  are  presented  in  figures  116  through  122,  appendix  E. 

5.  Using  the  circuit  shown  in  figure  3,  the  equation  describing  the  transient 
response  of  the  helicopter  to  an  ambient  air  temperature  and  source  of  external 
radiation  can  be  written  as: 


-t/K^C  T Ta  *t  + Ecx  Kc  *r 

1°  Kc  + K,  . 


Ta  + E, 


ex 


Kc  + Kr 


(1) 


Where: 


*c  Kr 

KC  + *r 


When  i (time)  + °°  the  steady-state  helicopter  temperature  Tss  is  given  by: 
Ta  Kr  + Eex  Kc  Kr 


Tss  = 


Kc  + Kr 


(2) 
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FIGURE  2 

PROJECT  70-15  VIBRATION  DATA 
COMPRESSION  PROCEDURE 


i . y 


ELECTRICAL  QUANTITY 


V ~ Voltage 

Vc  ~ Voltage  acTow  capacitor 


R]  ~ Resistance 
R|  ~Rc»iitance 
C ~ Capacitor 
I "**  Current 


t ~ Time 


HEAT  TRANSFER  QUANTITY  UNIT  CK) 

Tfi  ~ Ambient  air  temperature  *K 

Tc  ~ Transient  temperature  inside  helicopter  °K 

Tjj  ~ Steady-state  temperature  inside  helicopter  °K 

T0  ~ Initial  temperature  inside  helicopter  1C 

Kg  ~ Conduction  coefficient  Hr  • *K/BTU 

Kj  ~ Radiation  heat  transfer  coefficient  Hr  • TC/BTU 

C ~ Heat  capac‘«y  BTU/t 

E,„  ~ Total  external  radiation  BTU/hr 

E,  ~ Atmospheric  radiation  (total  external 

radiation  minus  solar  radiation)  BTU/hr 

Es  ~ Solar  radiation  BTU/hr 

t ~ Time  Hr 


Figure  3.  Heat  Transfer  Electrical  Analog. 


Where: 


Eex  - + « T,4 


w 

a = 1.8  x 10‘S  BTU/ft2  - hour  - *K4 


6.  Equation  2 was  used  to  find  Kc  and  Kr  by  allowing  the  helicopter  to  reach 
its  steady-state  temperature  at  two  different  constant  ambient  air  temperatures  (Taj 
and  Ta~)  and  at  two  diffeicnt  external  radiation  values  (ECXj  and  EeJO).  This 
resulted^  in  two  equations  with  two  unknowns,  Kc  and  Kr>  which  were  solved  for 
Kc  and  Kr,  equations  3 and  4. 


K~  = 


Ta2  Tss1  * Taj  tss2 

F T - F t 
^exj  *ss2  c,ex2  ‘ssj 


(3) 


*r  = 


Tssj  Kc 


Taj  + ^exj  Kc 


(4) 


7.  A different  Kc  and  Kr  were  calculated  for  each  temperature  sensor  location. 
Each  location  was  considered  to  comprise  an  area  of  1 square  fool  which  enabled 
the  measured  external  radiation  value  in  units  of  BTU/ft2-hr  to  be  converted  to 
BTU/hr.  These  values  of  and  Kr  were  then  inserted  into  equation  2 in  order 
to  calculate  the  steady-state  temperature  at  each  temperature  sensor  location  for 
different  values  of  solar  radiation  and  ambient  air  temperature  than  those  tested 
(figs.  116  through  122,  app  E). 


WET  BULB  GLOBE  TEMPERATURE  CALCULATION 

8.  The  WBGT  index  is  calculated  from  the  following  equation: 
WBGT  = 0.7WB  + 0.2GT  + 0.1  DB 

Where: 

WB  = Naturally  convected  wet  bulb  temperature  - °F 
DB  = Dry  bulb  temperature  - 'T 
GT  = Globe  temperature  - °F 
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For  an  outside  air  temperature  of  1G0°F  and  a solar  radiation  value  of 
333  BTU/lir-ft^,  a cabin  temperature  rise  of  7.2°F  and  a globe  temperature  rise 
of  9.7*F  can  be  determined.  The  cabin  temperature  rise  is  added  to  the  outside 
air  temperature  of  100°F  to  give  a cabin  temperature  of  107.2°F.  The  globe 
temperature  rise  of  9.7°F  is  added  to  the  cabin  temperature  to  give  a globe 
temperature  of  116.9°F.  At  a relative  humidity  of  50  percent  at  100Y,  a 
psychrometric  chart  (shown  on  the  next  page)  can  be  used  to  determine  a wet 
bulb  temperature  of  84.5°F  for  a cabin  dry  bulb  temperature  of  107.2°F.  Using 
these  temperature  values,  the  WBGT  can  be  calculated. 

WBGT  = (0.7)  (84.5)  + (0.2)  (116.9)  + (0.2)  (107.2)  = 97.4°F 
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PSYCHROMETRIC  CHART 

BAROMETRIC  PRESSURE  MZ  H* 


ORY  iUl.0  TEMPERATURE 


APPENDIX  E 


TEST  DATA 


INDEX 


Figure  (Compression  Number)  Figure  Number 


All  Test  Conditions  Vibration: 


Data  Compression  Arrays 

1 through  3 

Instruments  (148) 

4 and 

5 

Avionics  (149) 

6 and 

7 

Stability  Augmentation  System  (150) 

8 and 

9 

Pilot  Input  (151) 

10  and 

11 

Pilot  (152) 

12  a-d 

13 

Tac'n  Generators  U53) 

14  and 

15 

Forward  Transmission  Mounts  (154) 

16  and 

17 

Aft  Transmission  Mounts  (155) 

18  and 

19 

Hanger  Bearings  (156) 

20  am’ 

21 

Hydraulic  Actuators  (157) 

22  ,nd 

23 

Gearboxes  (158) 

24  and 

25 

Right  Alternator  (159) 

26  and 

27 

Right  Engine  Mounts  (160) 

28  and 

29 

Right  Engine  (161) 

30  and 

31 

Hydraulic  Pumps  (162) 

32  and 

33 

Ramp  Control  (163) 

34  and 

35 

Lights  (164) 

36  and 

37 

Cargo  Floor  (165) 

38  and 

39 

Dzeus  Fastener  (166) 

40  and 

41 

Battery  Compartment  Latch  (167) 

4z  and 

43 

Fuel  Drain  (168) 

44  and 

45 

Instrument  Vibration: 

Hover  (1) 

46  and 

47 

Level  Flight  (2) 

48  and 

49 

Climb  (3) 

50  and 

51 

Descent  (4) 

52  and 

53 

Takeoff  and  Landing  (5) 

54  and 

55 

Turns  (6) 

56  and 

57 

Ground  Run  (7) 

58  and 

59 
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Avionics  Vibration: 

Hover  (8) 

Level  Flight  (9) 

Climb  (1C) 

Descent  (11) 

Takeoff  and  Landing  (12) 

Turns  (13) 

Ground  Run  (14) 

Stability  Augmentation  System  Vibration: 

Hover  (15) 

Level  Flight  (16) 

Climb  (17) 

Descent  (18) 

Takeoff  and  Landing  (19) 

Turns  (20) 

Ground  Run  (21) 

Pilot  Input  Vibration: 

Hover  (22) 

Level  Flight  (23) 

Climb  (24) 

Descent  (25) 

Tak  'off  and  Landing  (26) 

Turns  (27) 

Ground  Run  (28) 

Pilot  Vibration: 

Hover  (29) 

Level  Flight  (30) 

Climb  (31) 

Descent  (32) 

Takeoff  and  Landing  (33) 

Turns  (?<4) 

Ground  Run  (35) 
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69 
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72 
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74  anc 
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77 

78  and  79 
80  and  81 
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84  and  85 
86  and  87 


88  and  89 
90  and  91 
92  and  93 
94  and  95 
96  and  97 
98  and  99 
100  and  101 


102  and  103 
104  and  105 
106  end  107 
108  and  10V 
1 10  and  1 1 1 
1 1 2 and  1 1 3 
114  and  115 
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R/D 

RPM 

SHP 
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VNE 

VH 

^loiter 
vbest  R/C 
^cruise  R/C 


GLOSSARY 

DEFINITION 

Configuration 
Combined 
Forward 
Gross  weight 
Longitudinal  axis 
Hertz 

In  ground  effect 
Inches 

Knots  calibrated  airspeed 

Lateral  2xis 

Pound 

Landing 

Level  flight 

Left 

Engine  gas  producer  turbine 

Engine  power  turbine 

Out  of  ground  effect 

Power  turbine  inlet  temperature 

Right 

Rate  of  climb 

Rat*  of  descent 

Revolutions  per  minute 

Shaft  horsepower 

Takeoff 

Vertical  axis 

Never-exceed  airspeed 

Maximum  airspeed  for  level  flight 

A’rspeed  for  maximum  endurance 

Airspeed  for  maximum  rate  of  climb 

Airspeed  for  cruise  rate  of  climb 
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Airspeed  for  minimum  rate 


^min  R/D 
v500  fpm  R/D 

15  right 
15  left 
30  right 
30  left 


of  descent 

Cruise  descent  at  500  feet 
per  minute 
15-degree  right  bank 
1 5-degree  left  bank 
30-degree  right  bank 
30-degree  left  bank 
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